Objectives-We sought to confirm retrospective studies that measured an approximately 20% reduction in emergency department (ED) length of stay (LOS) in early-gestation pregnant women who receive emergency physician-performed point-of-care ultrasound (US) examinations rather than radiology department-performed US examinations for evaluation of intrauterine pregnancy (IUP).
M ore than 5 million women visited emergency departments (EDs) in the United States in 2013 for problems related to pregnancy, representing 3.9% of ED visits. 1 Pregnant women who present to the ED with abdominal pain or vaginal bleeding require a diagnostic evaluation to exclude an ectopic pregnancy, a potentially life-threatening diagnosis that can also lead to infertility. 2, 3 Exclusion of an ectopic pregnancy is achieved by identifying an intrauterine pregnancy (IUP) by ultrasound (US). 4 Traditionally, the US component of an early pregnancy evaluation involves a radiology consultation, whereby a patient is transported out of the ED to the radiology department; a sonographer performs the US examination; and a radiologist subsequently interprets the scan. This process takes time, thereby delaying the time to the diagnostic result and prolonging the ED length of stay (LOS). Additionally, this process places a potentially unstable patient out of the reach of the emergency physician, introducing a possible safety risk to the patient.
An alternative to a consultative radiology departmentperformed US examination is a bedside point-of-care US examination performed and interpreted by an emergency physician, which has been shown in multiple retrospective studies to significantly reduce the ED LOS compared to radiology US. [5] [6] [7] [8] [9] Emergency physicians have used point-ofcare US to identify IUP and exclude ectopic pregnancies for more than 20 years. [10] [11] [12] [13] [14] [15] [16] [17] [18] The American College of Emergency Physicians states that bedside pelvic US is "a fundamental skill" of emergency physicians. 19 Although retrospective studies have shown a reduction in the ED LOS of approximately 20% when point-ofcare US is used for evaluation of early pregnancy instead of radiology US (220 and 279 minutes, respectively), this finding has not been validated in prospective studies. To our knowledge, our study was the first prospective randomized controlled clinical trial to compare the ED LOS for pregnant women receiving pelvic US either in the ED or radiology department for the purpose of identifying the location of pregnancy and excluding ectopic pregnancy. We hypothesized that pregnant patients receiving bedside point-of-care US to identify IUP will spend 30 minutes less time in the ED than those who receive radiology US. As a secondary measure, we sought to examine the variance in the elapsed time from patient bedding to a definitive US result between the study arms.
Materials and Methods

Study Design
We performed a multicenter randomized controlled clinical trial, which was registered with ClinicalTrials.gov (NCT02268877). The trial was not registered until October 2014, after data collection was completed at our primary site. Our protocol was approved by the Institutional Review Board (IRB) at each site.
Study Setting and Population
This study was conducted at 3 EDs in geographically distinct areas of the United States, including an urban academic safety net hospital in Denver, Colorado, and 2 Naval medical centers on opposite coasts (Portsmouth, Virginia, and San Diego, California). All 3 EDs were staffed by board-certified or board-eligible emergency physicians as well as emergency resident physicians during the time of enrollment. Participating attending emergency physicians were privileged by the hospital to perform pelvic US examinations, and ED studies were scrutinized by an ongoing quality review. Emergency residents received didactic training and hands-on sessions in pelvic US as part of their residency curriculum, as outlined in the American College of Emergency Physicians emergency US guidelines, 19 which includes review of the ALARA (as low as reasonable achievable) principle. Residents were routinely supervised by a more senior resident or attending emergency physician during US examinations. No providers were explicitly excluded from participating in the study; however, physicians elected to participate on a case-by-case basis. Institutional Review Board approval was sought and obtained at each site asynchronously, and patient enrollment began at each site contemporaneously with its IRB approval, first at the urban safety net hospital in 2013. Enrollment at both Naval medical centers occurred in 2014.
Patients eligible for inclusion were pregnant women between the ages of 18 and 55 who presented to the ED with abdominal pain or vaginal bleeding. Patients were excluded if they had prior known documentation of an IUP, an estimated gestational age (GA) by patient report of the last menstrual period of greater than 20 weeks, a physical examination revealing an open cervical os, a peritoneal abdomen, or unstable vital signs as determined by the emergency attending physician. Incarcerated patients were also excluded.
Intervention
Before the start of enrollment, emergency attending physicians and residents were provided a brief review of US criteria for IUP, which included a short lecture and video presentation, as well as an overview of the study inclusion and exclusion criteria and consent process. Patients who met inclusion criteria were enrolled in a convenience sample at the discretion of the treating physician. Written consent in English or Spanish was obtained from all participants. After consent was obtained, the next in a series of consecutively numbered opaque sealed envelopes would be opened to determine the randomization arm, either point-of-care or radiology US. The assignments were generated by the research randomization program at www.randomizer.org. Although the emergency physicians were not blinded to the study arm once allocation was revealed, they were blinded to the purpose of the study.
Patients who were randomized to point-of-care US had a diagnostic study performed or supervised by credentialed attending emergency physicians using either a transabdominal or transvaginal transducer, or both. If an IUP was not definitively identified, or at the discretion of the attending physician, patients could also receive radiology US. Patients randomized to the radiology US arm had pelvic US ordered by the emergency physician. The patient was then transported to the radiology department, where a sonographer performed a pelvic US examination in sequence with the radiology department work flow queue. The US study was then sent by the institutional picture archiving and communication system to a radiologist for review and interpretation. The resulting interpretation was then dictated and transcribed, and the result was posted on the picture archiving and communication system for review by the emergency physician. Patients who were planned for discharge without a definitive IUP or any findings suggestive of ectopic pregnancy by either ED point-of-care or radiology US were typically called to obstetrics and gynecology to schedule a 2-day follow-up. These patients do not typically receive a face-to-face obstetric and gynecologic consult in the ED.
Outcomes
Our primary outcome was the ED LOS, defined as the time the patient was placed into the ED examination room (time 0) to the time the patient was discharged or admitted from the ED (time 2). Our secondary outcome was the time to the diagnostic result, defined as the elapsed time from time 0 to the time the emergency physician was first aware of the point-of-care or radiology US result (time 1). All times were recorded in a data collection instrument by the attending physician managing the patient's care. Time 0 was obtained from the "patient-in-room time" entered by nursing in the electronic medical record as part of routine department processes. Time 1 was recorded by the attending physician in the data collection instrument when he or she became aware of the result of either point-of-care or radiology US. Time 2 was obtained from the discharge time or admission time, where appropriate, as ordered by the attending physician and recorded contemporaneously in the data collection instrument. Patient-in-room and discharge times were verified from the electronic medical record retrospectively during data review. Differences in the time to the diagnostic result and ED LOS were determined between randomization arms (pointof-care and radiology US) as well as between each pointof-care US subgroup (point-of-care US and point-ofcare plus radiology US) and radiology US arm.
Data Analysis and Sample Size
All data management and statistical analysis were performed with SAS Version 9.4 software (SAS Institute Inc, Cary, NC). Descriptive statistics were calculated for all variables. Continuous data were reported as means with standard deviations or medians with interquartile ranges, where appropriate, and categorical variables as percentages with 95% confidence intervals (CIs). Wilcoxon ranked sum and Kruskal-Wallis tests were used, where appropriate, to compare the unadjusted time to the diagnostic result and ED LOS across groups. Additionally, median differences with 95% CIs were calculated to estimate the effect size of the time to the diagnostic result and ED LOS across groups. Multivariable linear regression models were developed for both outcomes (time to the diagnostic result and ED LOS) to control for the correlation by institution. Intraclass correlation coefficients were calculated to estimate the correlation by institution. Last, we performed a post hoc analysis, using logistic regression, to estimate the predictive probability of obtaining a conclusive ED point-ofcare US result given the estimated GA. P < .05 was considered statistically significant.
Prior observational literature suggests that the use of ED point-of-care US for evaluation of IUP in pregnant women with vaginal bleeding or abdominal pain can reduce the ED LOS by approximately 20%. 8 Using pilot data from our institutions, we obtained estimates of the ED LOS for patients who underwent a radiologyperformed pelvic US examination (mean ED LOS with radiology-performed US, 260 minutes; SD, 80 minutes). Under these assumptions, we estimated needing 300 patients to detect a 30-minute reduction in the ED LOS in the point-of-care US group compared to the radiology US group. Although a 30-minute difference is less than a 20% reduction, we chose 30 minutes because we thought it was a clinically significant difference and would provide a sufficient sample size to detect larger differences if present. Thus, each site planned to enroll 100 patients. Although 2 sites completed enrollment, a third discontinued the study early because of expired IRB approval and lack of eligible study personnel. Despite incomplete enrollment, we did include data from this study site.
Results
A total of 233 patients were enrolled, including 122 in the point-of-care US arm and 111 in the radiology US arm. Four patients in the point-of-care US arm were excluded after enrollment, leaving 118 in the point-ofcare US arm for analysis. In addition, 5 were excluded from the radiology US arm, leaving 106 in the radiology US arm for analysis ( Figure 1 ). The median patient age was 26 years in both study arms. The median estimated GAs by last menstrual period were 6 weeks in the pointof-care US arm and 7 weeks in the radiology US arm (median difference, 1 week; 95% CI, -0.08 to 2.1 weeks). Characteristics of the patient, fetus, US modality, and operator training were recorded for the point-ofcare US arm only (Table 1) . Data were stratified by point-of-care US subgroup (ie, point-of-care US only and point-of-care plus radiology US). Patients who received both point-of-care and radiology US were younger (median difference, -3 years; 95% CI, -6.6 to 0.6 years) and had a shorter estimated GA (median difference, -1 week; 95% CI, -2.1 to 0.1 week) than patients who only received point-of-care US. We did not collect similar data for patients randomized to the radiology US arm.
The analysis by randomization arm is expressed in Figure 2 . The ED LOS was significantly (P 5 .014) shorter in the point-of-care US arm (181 minutes; 95% CI, 152 to 206 minutes) compared to the radiology US arm (201 minutes; 95% CI, 193 to 221 minutes; median difference, -20 minutes, 95% CI, -54 to 7 minutes). The time to the diagnostic result was also significantly (P 5 .003) shorter for patients randomized to point-ofcare US (87 minutes; 95% CI, 61 to 120 minutes) compared to radiology US (136 minutes; 95% CI, 116 to 148 minutes; median difference, -49 minutes; 95% CI, -83 to -17 minutes). Institutional variations in the ED LOS and time to the diagnostic result were 14.7% and 9.8%, respectively. After adjusting for the institutional correlation using hierarchical linear regression, the ED LOS was 31 minutes (95% CI, -64 to 1 minutes) faster in the point-of-care US arm compared to the radiology US arm. Similarly, the time to the diagnostic result in the point-of-care US arm was 36 minutes (95% CI, -67 to -5 minutes) faster than the time in the radiology US arm.
A subgroup analysis was performed to compare differences in the ED LOS and time to the diagnostic result between point-of-care US subgroups (ie, point-of-care US only or point-of-care plus radiology US) and radiology US arm (Figure 3) . Patients who received only point-of-care US spent the least amount of time in the ED (126 minutes; 95% CI, 105 to 140 minutes) and had the shortest time to the diagnostic result (45 minutes; 95% CI, 30 to 51 minutes). Those patients who were randomized to point-of-care US but received both point-of-care and radiology US spent the longest 
Discussion
To our knowledge, this study was the first multicenter randomized controlled clinical trial to compare the ED LOS and time to the diagnostic result between point-ofcare and radiology US in pregnant women presenting to an ED with symptoms necessitating a diagnostic evaluation of early pregnancy. Our results show that patients requiring an early pregnancy evaluation who received point-of-care US had a statistically significant reduction in the ED LOS and time to the diagnostic result than patients receiving radiology US, although we did not measure as great a magnitude of time saved as reported previously. We sought to validate findings from previous retrospective studies, which showed that when the emergency physician performs the diagnostic pelvic US examination, patients stay in the ED on average 30 minutes to 2 hours less than when the radiology department performs the study. 6, 8 Although previous retrospective studies have consistently reported a decreased LOS, retrospective studies are limited because the study design cannot control for confounders, which raises concerns about the validity of their analyses. Most notably, retrospective studies introduce a selection bias, since the decision to perform a point-of-care or radiology US examination is determined by the physicians, whose comfort with obtaining the study on the patients in front of them likely biases the decision on which type of US to obtain. 6 Some studies also did not have a sonographer available 24 hours per day, which necessitated paging the on-call sonographer after hours, potentially inflating times in their radiology-performed US cohorts. 8 Prospective and randomized studies have also demonstrated a decreased ED LOS with ED-performed point-of-care US examinations, but these studies included all patients undergoing pelvic US examinations, without exclusion of nonpregnant women. 17, 18 One unique aspect of our study compared to prior studies was that we measured the time to the diagnostic result in addition to LOS. Since we were collecting data from multiple sites, hospital-and provider-specific variations in work flow and practices could potentially affect the LOS. For example, we do not routinely request a bedside consult with obstetrics and gynecology for stable patients without an IUP, although some providers might choose to do so. Because the diagnosis hinged on the US result, we hypothesized that measuring the time to the diagnostic result removed variability attributable to work flow variations and provided more specific data on the effect attributable to performance of the US procedure. That being said, this data point was recorded in the data collection instrument by the physician, potentially introducing a recall bias. We found that when comparing the time to the diagnostic result, the time benefit was even greater and more significant than when comparing the LOS.
Our results did not achieve the magnitude of the effect found in other studies, which was likely the result of differences in study design. Our study design, a multicenter randomized clinical trial, may have been more accurate than previous retrospective studies for the purposes of controlling confounders that likely biased prior results toward point-of-care US. Thus, we believe our results are more generalizable and representative of the effect of ED point-of-care US on the time to the diagnostic result and ED LOS for this patient population.
Each of our institutions had 24-hour-per-day US and radiology coverage. Unfortunately, not all EDs have this degree of consultative radiology coverage. 20 As a result, it is likely that the magnitude of the effect that point-of-care US has on the ED LOS may be even greater in centers with more limited consultative US coverage. A strong argument can also be made that emergency physicians in rural areas with minimal radiology coverage would be wise to incorporate point-of-care US into their clinical practice, as it has the potential to not only decrease the LOS but also to decrease the number of patients needing a referral for consultative US.
We believe our data support an algorithm that incorporates point-of-care US as a method to reduce the ED LOS and time to the diagnostic result in the diagnostic evaluation of pregnant women at risk for ectopic pregnancy. Not surprisingly, our results show that the benefit of point-of-care US is most pronounced when results are conclusive for the emergency physician (eg, IUP identified). Patients with inconclusive point-of-care US findings who crossed over to radiology US spent the most time in the ED. These patients are clearly more diagnostically challenging and diminish the overall time benefit afforded by point-of-care US, but not enough to give radiology US a systematic advantage. Therefore, we recommend a protocol whereby the emergency physician routinely performs point-of-care US examinations to assess for IUP, withholding radiology consultation for inconclusive studies. Our data also suggest that patients with a reported estimated GA of 8 weeks are more likely to have a conclusive IUP with point-of-care US. Perhaps reserving radiology US for patients with very early pregnancy can maximize the overall time saved on evaluating these patients. We believe that radiology consultation cannot be eliminated; rather, we recommend judicious use of radiology US, which can provide a safety net 
Limitations
We planned to enroll 100 patients from 3 hospitals for a total enrollment of 300 patients. We did not reach our powered goal of 300 patients. One site closed enrollment early after the site's primary investigator was deployed by the United States Navy without any available study personnel to replace her. The study could not be extended at the 2 other sites because their local IRB eligibilities had expired after they completed enrollment but before it became clear that the third site would not reach its goal. Despite that fact, significance was achieved in our pooled measurements. We acknowledge the potential risk for a selection bias that incomplete enrollment carries. We performed a subgroup analysis excluding this site, which showed similar results compared to our pooled results (not published). Our cluster analysis by hospital attempted to remove variability due to the hospital, which increased the magnitude of time savings afforded by the performance of point-of-care US examinations. Our study did not conduct routine follow-up of patients discharged from the ED. Although there is a risk of missed ectopic pregnancy, ED point-of-care US has been shown to perform well as a diagnostic test in patients with possible ectopic pregnancy (sensitivity, 99.3%; negative predictive value, 99.96%). 16 Furthermore, we believe the availability of crossover from pointof-care to radiology US afforded sufficient risk mitigation for missed ectopic pregnancy, but we acknowledge the limitation yielded by the lack of patient follow-up.
Our study did not collect data on patients who were approached for enrollment but declined. As a result, we only collected data on patients after they were randomized, so we are unable to determine how many patients were ultimately excluded from the study. Although this factor raises the possibility of a selection bias, prior studies of point-of-care US found that no patients refused US. 13 Additionally, consent was obtained before randomization, hopefully minimizing any confounding effect brought by study participation refusal. Nevertheless, providers included patients at will, which ultimately detracted from the validity of the study results.
At the outset of the study design, we planned to enroll 300 patients over 3 sites, but our clinical trial registration was not submitted until after enrollment of our first patient because of a clerical error, and we acknowledge this factor as a limitation to transparency. Furthermore, the data collection instruments were written individually for each IRB submission and were therefore not uniform between hospitals. This approach precluded a more thorough analysis and forced us to omit data such as body mass index that were part of our clinical trial registration. As another example, we did not universally collect information on specific performing providers, precluding a cluster analysis by provider, but we would recommend collecting these data in future studies to assist in reducing provider practice-specific variation.
Our study design precluded the ability to blind the patients and physicians to the study arm to which they were randomized. Although physicians were blinded to the study hypothesis, it is likely that the ED physicians could have inferred the study's purpose based on the data collection instrument. In general, physicians have an incentive to disposition of patients as quickly as possible, which we believe mitigates the bias created by the lack of blinding. Still, a physician may have had a preconceived notion as to the effect each study arm would have on the LOS and time to the diagnostic result. The time to the diagnostic result was self-reported by the provider, which may have magnified the effect of any potential bias related to being unblinded.
Conclusions
Pregnant women presenting to the ED with symptoms necessitating a diagnostic evaluation of early pregnancy had a statistically significant reduction in the ED LOS when point-of-care US was used first compared to radiology US; however, this trial did not achieve our target magnitude of effect of 30 minutes. Nevertheless, our data support the routine use of ED point-of-care US for IUP, saving the most time if a conclusive IUP is identified.
